Introduction Single-anastomosis duodenal switch has been suggested to be an effective bariatric procedure that offers excellent weight loss and by lengthening the common channel the potential to reduce micronutrient deficiencies. Purpose To evaluate the weight loss, comorbidity resolution and the 1-year nutritional outcomes of the single-anastomosis duodenal switch (SADS) procedure. Setting Multiple US Hospitals. Methods From October 2014 to January 2017, 120 patients were enrolled at six sites across the USA and underwent the SADS procedure. Weight loss, comorbidities, quality of life, and adverse events were followed post-procedure for 12 months.
Introduction
Although bariatric surgery is the most effective treatment for class II and III obesity, the optimal procedure remains elusive. Procedures such as biliopancreatic diversion (BPD) and duodenal switch (DS) offer the greatest weight loss but have been plagued by concerns of protein and vitamin deficiency. The Roux-en-Y gastric bypass (RYGB) has been the most common procedure that combines a gastric and intestinal approach. Although effective, concerns include marginal ulcer, smallbowel obstruction, and reactive hypoglycemia. Additionally, for those with super morbid obesity, weight loss is often less than optimal [1] [2] [3] . The vertical sleeve gastrectomy (VSG) has become the most common stapling procedure. Although it is suggested that VSG has fewer complications, there are increasing reports of inadequate weight loss and weight regain. As a result, if there was a procedure that could offer superior weight loss and minimize the risk of malnutrition, it would be a valuable addition to the bariatric community.
The laparoscopic duodenal switch (LDS) has better longterm weight loss and diabetes resolution when compared to RYGB and VSG [4] . However, concerns about its protein calorie malnutrition have slowed its adoption. Several authors have reported on a variation where a calibrated vertical sleeve gastrectomy is combined with a single anastomosis to the bowel 3 m from the ileocecal valve [5] [6] [7] . This prospective multi-center study was designed to evaluate the weight loss, comorbidity resolution, and the 1-year nutritional outcomes of the single-anastomosis duodenal switch (SADS) procedure.
Methods

Trial Design
The trial protocol was approved at each institution's institutional review board in accordance with the Helsinki declaration. All patients signed informed consent to participate. The study protocol is available with the full text of this article at NEJM.org. The study was included in the Clinicaltrials.gov Protocol Registration System (NCT02275208).
According to the protocol, the study required 120 patients in total. From October 2014 through January 2017, 120 patients who agreed to take part in the study were enrolled at six sites across the USA. Inclusion criteria were an age of 18-65, BMI of 35-40 kg/m 2 with one obesity-related comorbidity, or a BMI of 40-60 kg/m 2 . Exclusion criteria included any female patient who was pregnant or breast feeding, any patient part of a vulnerable population, or any previous bariatric surgery. Patients who had an estimated life expectancy of less than 6 months, or who had participated in an investigational drug or device research study within 30 days of enrollment, were also not included.
Each site had a dedicated research team for data collection. The QOL data were gathered by researchers. But the serious adverse events (SAEs) were both reported by the surgeon and verified by the research teams. The research teams also audited each chart for unknown SAEs at the end of the study.
Trial Outcomes
The primary endpoint was weight loss as seen in percent excess weight loss (%EWL; calculated from an ideal body weight (IBW) using NIH guidelines), percent total body weight loss (%TWL; calculated from preoperative body weight), and patients final BMI at 1 year.
The secondary end points were (1) incidence of procedurerelated adverse events through 12 months postoperatively; (2) quality of life (SF-36) assessed preoperatively, and 6 and 12 months; (3) gastroesophageal reflux disease healthrelated quality of life (GERD-HRQL) (10) questionnaire preoperatively and at 6 and 12 months; (4) incidence of preprocedure vitamin deficiencies; (5) incidence of postprocedural vitamin deficiencies at 1, 6, and 12 months; and (6) resolution of comorbidities evaluated at 1, 6, and 12 months. Resolutions for comorbidities are defined as follows: type 2 diabetes (T2D)-achieving A1C level ≤ 6% and a fasting blood glucose < 126 mg/dl with or without the use of medications; hypertension-achieving blood pressure < 140/ 90 mmHg or the presence of blood pressure lowering medications; sleep apnea was diagnosed by a sleep study by a sleep specialist prior to having surgery. This workup was not part of the protocol. This was discovered as part of the history of the patient. If the individual site felt the patient needed a workup, they would be referred to a sleep specialist. However, this was solely at the discretion of the study site. Sleep apnea was considered cured if treatment was discontinued by a sleep specialist (i.e., no need for continuous positive airway pressure); hyperlipidemia-total cholesterol of < 200 mg/dl, LDL cholesterol < 130 mg/dl; and hypertriglyceridemiatriglyceride < 150 mg/dl.
Trial Oversight
Medtronic supported this investigator initiated trial. Statistical analysis of the data was performed under the direction of the lead investigators of the study (Roslin, Cottam) with statisticians employed by Medtronic. Each site had access to their own data and verified its accuracy and their adherence to trial protocol.
Treatments
The operations were performed per standard of care and as previously described by Mitzman et al. [5] . In brief, retrograde tracing and tacking of the small bowel (300 cm), sleeve creation, duodenal dissection and transection, and duodeno-ileostomy (DI) were performed. Sleeve gastrectomy was performed over a sizing tube (40-46 French), and the distance from the pylorus was around 3 to 5 cm. The proximal duodenum was transected approximately 3 cm distal to the pylorus. A loop DI was performed at approximately 300 cm from the ileocecal valve. At each center, a totally hand-sewn technique was used, but the choice of single-or double-layer technique and type of suture was left to each individual surgeon [8] (Fig. 1 ). The Petersen's defect was not closed in any of the cases.
Patients were maintained on a liquid diet for the first postoperative month. In addition, multivitamin supplements, calcium, and iron were prescribed. All the patients are recommended to take ADEK multivitamins, calcium citrate 1800/2400 mg/day, iron 65 mg/day, and daily protein intake 60-80 g/day. Prior to the procedure and at 6-and 12-month follow-ups, patients completed both a SF-36 and a GERD-HRQL questionnaire [9, 10] . The total score of all questions as well as subject satisfaction levels were compared pre-and postoperatively.
Comorbidity and Laboratory Analyses
Preoperatively and 1, 6, and 12 months postoperative comorbidities and relevant lab tests (e.g., glucose, hemoglobin, A1C, hematocrit, ferritin, albumin, total protein, calcium, parathormone, vitamin A, vitamin B1, vitamin B12, vitamin D, folic acid, insulin and lipid panel, triglycerides, total cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL), C-peptides, iron, copper, and zinc) per standard of care were assessed.
Statistical Analysis
For excess weight loss %, total weight loss %, and BMI loss %, a two-sided one sample t test was used to test whether the mean change from baseline was significant for each postoperative visit. For SF-36, a two-sided Wilcoxon signed rank test was used to test whether the mean change from baseline was significant. Univariate ANCOVA was done for each unique variable accrued to test for independent variable affecting weight loss. Analyses were performed using SAS® Version 9.4 or higher (SAS Inc., Cary, NC).
Results
Trial Patients
One hundred thirty (130) patients were consented for the study. Nine patients were screen failures (provided consent however was deemed ineligible before procedure) and one patient withdrew before the surgery. One hundred twenty procedures were started; however, two could not be completed. At 1, 6, and 12 months, 116 (98.3%), 101 (85.5%), and 91 (77.1%) patients were available for assessment respectively. Reasons for follow-up loss included pregnancy, relocation, and subject withdrawal. This follow-up loss happened despite each center having one person assigned to follow-up each individual at each time point.
The groups' demographic information included 67.8% females with an average age of 46.2 ± 10, a mean weight of 134.1 ± 2 0.4 kg, and a BMI of 47.4 ± 5.7 kg/m 2 (Table 1) .
Primary Outcome; Weight Loss
Patients showed consistent weight loss through time as seen in %EWL, %TWL, and reduction of BMI (Table 1) . With univariate analysis, operation site and individual comorbid conditions did not play a role in weight loss. Only the bundle of diabetes, hypertension, and sleep apnea together showed a decrease in weight loss outcomes ( Table 2 ).
Secondary Outcomes
Comorbidities Type 2 Diabetes T2D was present in 65 of 118 patients preoperatively (55%, defined as an A1C > 6.5 without medications or any patient currently taking medications for T2D as prescribed by their primary care physician). The mean A1C was 7.8 ± 1.6 preoperative (Table 3) . Of the 65 patients, 27 (42%) were insulin-dependent diabetics. Eleven diabetic patients were lost to follow-up. Of the remaining 54 patients, T2D was resolved (A1C ≤ 6 without medications) or controlled (A1C ≤ 6 with medications) in 96% of diabetics with a mean A1C level of 5.3. Only two patients of the 27 on insulin had A1C levels of greater than 6.0 at 1 year (7.1 and 7.0). Ninety-three percent of insulin-dependent diabetics had a A1C < 6 at 125 1 year with or without medications.
Lipid Profiles Preoperatively 40% of patients were on medications for hyperlipidemia ( Table 3 ) and 49% of patients had elevated LDL. Postoperatively through 12 months, only 3.7% of patients had elevated total cholesterol and only 20% of patients had elevated LDL. Eight patients on hyperlipidemia medications and 18 with elevated LDL were lost to follow-up. Medication declined by half through the 1-year study from 40% preoperatively to 16% at 12 months. HDL increased throughout the study from a mean of 42.8 preoperatively to 48.6 at 1 year (Table 3) .
Sleep Apnea Sleep apnea affected 59.3% of the patients at baseline and at 1 year only 30.8% reported having sleep apnea (Table 3) . For the study, resolution of sleep apnea was defined as all sleep apnea treatment discontinued (i.e., no need for continuous positive airway pressure.
Hypertension Hypertension was present in 61.9% of patients preoperatively (Table 3) . Of the 73 patients who had preoperative hypertension, 66% had resolved by 1 year (no antihypertensive medications) and had a normal blood pressure measured during office assessment.
GERD-HRQL results
Eighty of 118 patients who started the study had GERD evaluations (GERD-HRQL questionnaire) completed at all time points. Although this group represents approximately 70% of the total population, it is believed to be representative and would not introduce bias. Of this group, 21(26%) had severe and ongoing daily GERD symptoms preoperatively. At 1 year, only seven of 80 patients had ongoing GERD. Of these seven, two had GERD that did not change, four had new onset GERD that was significant, and one improved but was still positive for GERD symptoms. Overall, 81% of patients with GERD symptoms preoperatively had complete GERD resolution without hiatal hernia repair.
Fifty-nine of the 80 patients who started the study did not have any GERD symptoms. Of these, only 5% developed new onset GERD. None of the patients who experienced worsening GERD had a hiatal hernia repair done at the time of surgery.
Overall patient GERD satisfaction rose significantly by 12 months postoperatively when compared to baseline, peaking with 95% of the 80 patients saying they were satisfied or neutral at 12 months. This differs markedly from preoperative data where only 34% said they were satisfied with their GERD symptoms.
Quality of Life Assessed preoperatively and at 6 and 12 months postoperatively, patients demonstrated significant increases in all aspects of SF-36 quality of life survey with physical 
Weight, body mass index (BMI), excess weight loss, and total weight loss displayed as mean ± SD *P < 0.001 compared to baseline ǂ 65 patients had type 2 diabetes at baseline. At 12 months, 11 diabetic patients lost to follow-up. Of the available data (54 patients), two patients did not have resolution (Table 3) .
Nutritional Data Assessments of the minerals copper, zinc, and ferritin showed that at 1 year, there were mineral deficiencies of 3.4%, 0%, and 16.5% respectively. Calcium, another mineral, is always studied with parathormone. Preoperatively, there were deficiencies in calcium in two patients and one patient parathormone level. At 1 year, there was one patient with a calcium deficiency and 43% of patients had an elevated parathormone level.
Of the fat-soluble vitamins, preoperatively, vitamin D had the most deficiencies with only 47% of patients having normal values and 53% having insufficiency or deficiency. At 1 year, little had changed with 55% having insufficiency or deficiency with 44.8% being normal. Vitamins E and A had 1% and 0% preoperative deficiencies, respectively, while at 1 year the data looked similar with 0% and 1% deficiencies respectively. Vitamin K was deficient in 18% of patients preoperatively and at 1 year the data was similar with 24% of patients deficient.
There were two longer term malnutrition markers evaluated: total protein and albumin. 3.6% of patients had low total Safety and Adverse Events Of 118 patients who completed the SADS procedure, 30 experienced procedure-related events. Events were reviewed and graded on the Clavien-Dindo scale [11] . In total, there were 20 minor complications and nine major complications (Tables 4 and 5 ). A single patient was grade 5, death as the result of cardiac arrest 90 months postoperatively which was not procedure related. Additionally, we counted laparoscopic cholecystectomies as complications of the procedure. In addition, 4 months postoperatively one patient had a chylous fistula which has not been reported in the literature previously as a complication of bariatric surgery. Of note was the only unique complication of the procedure which was an abnormal filling of an afferent limb that was related to the loop configuration.
Discussion
The primary objective of bariatric surgery was weight loss. In this study in which patients had a starting mean BMI of 47 kg/ m 2 , 53% of subjects achieved a BMI < 30 at 1 year. As this was a clinical registry without comparison group, it is complex to place this outcome in perspective. Previously, the Michigan collaborative reported a rate of only 36% of patients achieving a BMI < 30 kg/m 2 in a large cohort that underwent bariatric surgery within the state. It is important to highlight that 16% of the patients had laparoscopic adjustable gastric banding (LAGB) and this may have had a negative effect. The mean BMI of patients that reached a BMI < 30 kg/m 2 was 42 kg/m 2 . [12] . In our study, 10 of 21 patients (48%) with a BMI of > 50 kg/m 2 were able to reduce their body weight to < 30 compared to 8% from the Michigan collaborative. For patients with BMI > 50 kg/m 2 , less than 5% had LAGB in the collaborative. While not directly comparable, there are certain insights that can be obtained, it appears that SADS might offer greater weight loss and may be an attractive option for patients with higher BMIs whose objective is to no longer be obese. Importantly, patients who reach levels that are no longer obese have a reduced incidence of recidivism and derive more lasting control of their comorbid conditions. In our study, operation site was not a factor in weight loss outcomes (P = 0.131, Table 2 ). An important point to decipher is diabetes resolution. The population studied had a preoperative A1C of 7.8. Forty-two percent of the patients studied were on insulin. With SADS, 52 of 54 diabetic patients had an A1C < 6.0 mg/dl at 1 year (96%). Of these patients, four were still on medication and thus cannot be counted as having complete remission. For perspective, in the stampede trial, only 38% of RYGB patients and 24% of VSG patients reached a similar threshold [13] . As these were not matched populations, no conclusion can be drawn. However, our study shows that SADS is an effective procedure for type 2 diabetes. In a study by Cottam et al., a direct comparison was made between SADS and RYGB [14] . The study had a 3-year follow-up data, and they found SADS to be more effective in treating the T2DM than RYGB. In a recent study by Enochs et al., the A1C values between these two procedures were compared [15] . It was found that the SADS had significantly lower rates of abnormal A1C than RYGB at 12 months. Again, we cannot make a definite conclusion as there is no long-term data available in the literature comparing these two procedures. Future trials that directly compare the procedures with matched populations, as well as with long-term outcomes, are required before any statement of comparative effectiveness can be made.
Operations that bypass the intestine will provide the greatest weight loss, but this is always with the risk of micronutrient deficiency. Despite these patients' large size, the presence of deficiencies in morbid obese individuals prior to surgery is common. In our study, nearly 50% of our subjects were vitamin D deficient prior to surgery. While it is preferable to treat these deficiencies preoperatively and replete patients prior to surgery, this was not done. Patient labs were drawn very close to the surgical procedure and deficient vitamin D was not felt to be a reason to delay the bariatric procedure. This was the standard practice at all the sites. In retrospect, it would have been best to get assessments earlier and begin repletion prior to surgery. Numerous patients in our study actually had an increase in vitamin D postoperatively. Thus, many could absorb their supplements. It is not known whether patients with deficiency were not compliant with their vitamin or the procedure interfered with absorption. It is promising that the deficiency rate was identical to the preoperative level. Close attention to fat-soluble vitamin levels is mandatory following this procedure. If this procedure grows in popularity, there may be a role for regular parenteral fat-soluble vitamins or transdermal application. I  7  3  0  3  13   Grade II  2  0  0  1  3  Grade III  0  0  0  1  1  Grade III-a  2  0  0  1  3  Grade III-b  2  1  1  5  9  Grade IV  0  0  0  0  0  Grade IV-a  0  0  0  0  0  Grade IV-b  0  0  0  0  0  Grade V  0  0  0  1  1 There has long been a concern about calcium absorption in operations that bypass parts of the small intestine. In this study, there was only a single patient with calcium deficiency at 1 year. This is in stark contrast to other studies when looking at calcium in gastric bypass, where serum calcium has been low. It has long been believed that low calcium levels are the main driver of elevated PTH serum values after malabsorptive surgery [16] . However, our study, while the short term, suggests that this is not the case, and other mechanisms are driving the elevated PTH seen in our patients.
When looking at PTH levels, 43% elevated at 1 year seems high, especially since it has been reported more than once that PTH levels can rise with long-term follow-up [16] [17] [18] [19] [20] [21] . A further concern is that these elevated PTH levels will lead to bone fracture and osteopenia. When we compare our outcome to others in the literature, we find that the standard RYDS has a range of elevated PTH levels between 45 and 60%. Gastric bypass has a range between 5 and 88.9% [16] [17] [18] [19] . A single paper of one anastomosis gastric bypass (OAGB) has shown a 72% of patients had elevated PTH following surgery [22] . In comparison to these other procedures, our levels at 1 year seem consistent with other malabsorption procedures. Since our levels were similar to gastric bypass, a comparison of gastric bypass to SADS is warranted. Axelsson et al. indicated in his seminal paper on the subject of fractures after gastric bypass that for gastric bypass, "fracture risk appeared to increase with time [23] . The risk of fall injury without fracture was also increased after gastric bypass. Larger weight loss or poor calcium and vitamin D supplementation after surgery were not associated with increased fracture risk." Clearly, we would expect that our results would parallel these findings of 38,000 Swedish patients. Yet, Axxelson et al. demonstrated very convincingly that the simple relationship between calcium, vitamin D, and PTH for fractures does not exist, and more need to be done to decide what markers, if any, can predict fracture and what supplementation can stop it [23] .
Despite the fact that this operation bypassed the duodenum, we had no incidence of iron deficiency anemia. Likewise, our rate of other micronutrient deficiencies remained low at 1 year.
The sum of these results indicates that preserving 3 m of intestine provides an adequate conduit for the majority of patients to successfully absorb cations and fat-soluble vitamins. These results suggest that patients who eat proper foods and take suggested supplements can maintain acceptable levels of protein, vitamins, and minerals. Another concern is quality of life. During the course of the study, there was an improvement in every aspect of the SF-36. Patient satisfaction rose from 31% preoperatively to 80% at one year.
Any intervention has complications. In our series, there were 30 adverse events. The performance of a SADS is a complex bariatric procedure. It is technically more challenging than VSG and less surgeons are familiar than RYGB. Additionally, the mean BMI of this cohort was 48 with a high propensity of type 2 diabetes. Exact comparison is impossible but it is our belief that rates were comparable or less than historical reports with other bariatric procedures. Complications associated with the sleeve creation were similar to primary vertical sleeve gastrectomy (VSG). It is our hope that these can be vastly reduced with better education and experience. As a result, there is potential to lower the risk of stricture and leak. In a study by Surve et al., the reported duodeno-ileostomy (DI) leak rate in 1328 SADS patients was 0.6% [7] . Interestingly, none of our patients experienced leak at the DI.
Only one complication was related to the loop configuration where there was preferential flow into the afferent limb [24] . This was treated by laparoscopy and a pexy stitch to prevent backflow. The single death in the study was unrelated to surgery and was from heart failure in a patient with preexisting heart disease (Tables 4 and 5 ).
There has been a transition in procedure preference. VSG has increased with lap band disappearing and RYGB declining. An issue with VSG is GERD [25] [26] [27] . Using a standard GERD-HQRL questionnaire, 81% of patient with GERD preoperatively had resolution of their symptoms and only 4% developed de novo symptoms. This was remarkable and surprised the authors of the paper. Unfortunately, this data was not available for all 118 patients (only 80 completed the GERD-HQRL at all time points) and we cannot say what happened in those patients who did not fill out the survey at all time points. It is hoped that comparative trials in the future will focus on GERD difference between VSG and SADS with emphasis on preoperative EGD and biopsy results.
There are limitations in this study. Perhaps the most glaring is concerning our T2DM resolution. There is no denying that our results were excellent and much better than RYGBP. However, true comparisons are hard, especially as we did not gather data on length of diabetes pre op. Additionally, we suffered from a lack of a comparative cohort and only 1year follow-up. Additionally, there were patients lost to follow-up. Sadly, this was not due to lack of resources as each site had an individual dedicated to following these individuals and we still lost 23% of patients at 1 year which makes it adequate for reporting but not ideal.
Because of these issues, only general conclusions can be drawn.
Conclusion
In this multi-center trial, we were able to show that SADS is an effective weight loss operation and that it can reduce comorbid conditions without causing protein malabsorption at 1 year. Long-term follow-up papers are needed to address many issues surrounding this procedure. 
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